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A number of crustose, fleshy and coralline algae coexist in the eulittoral zone along the south-western coast of 
South Africa, in spite of potentially competing for the same limiting resource, space. A number of questions 
concerning coexistence among crustose algae were addressed in a study conducted at Holbaaipunt, in the south-
western Cape Province. To some degree, the crustose algae occur in different zones, and this may thus reduce 
competition. It was shown that non-transitive networks did not exist among the crustose algae at this site, so do 
not contribute to the coexistence of these crustose algae. While most species occur on rock substratum, one 
species occurs primarily on worm tubes and compacted calcareous material, suggesting that habitat heterogeneity 
within zones may contribute to the coexistence of these crustose species. Differential susceptibility to, and 
recovery from, disturbance may also contribute to coexistence. The thinnest species in the mid-lower eulittoral 
zone at this site, Spongites yendoi (Foslie) Chamberlain, dominates the space in spite of its position near the 
bottom of the overgrowth hierarchy. This may be because its thin thallus shows faster lateral growth and less 
susceptibility to disturbance than its thicker competitors. Thallus thinness may be maintained by the periodic deep-
layer sloughing of a surface layer, as well as by heavy grazing by Patella cochlear Born. 
'n Aantal kors-vleesagtige- en korallo"lde alge kom saam in die eulittorale sone langs die suidwestelike kus van 
Suid Afrika voor ten spyte dat hulle vir dieselfde beperkbare hulpbron, ruimte, kompeteer. 'n Aantal vrae cor saam-
bestaan tussen korsagtige alge is aangespreek in 'n studie by Holbaaipunt in die suidwestelike Kaap Provinsie. 
Tot 'n sekere mate kom die korsagtige alge in verskillende sones voor en dit mag kompetisie dus verminder. Nie-
transitiewe netwerke kom nie voor tussen die korsagtige alge by hierdie vindplek nie, dus dra dit nie by tot die 
saambestaan van hierdie korsagtige alge nie. Terwyl die meeste spesies op rotse voorkom, kom een spesie hcof-
saaklik op wurmbuise en kompakte kalkagtige materiaal voor. Dit stel voor dat habitat heterogeniteit binne in 
sones mag bydra tot die saambestaan van hierdie korsagtige spesies. Gedifferensieerde vatbaarheid tot, en 
herstelling na, versteurings mag ook tot saambestaan bydra. Die dunste spesies in die middel onderste eulittorale 
sone by hierdie vindplek, Spongites yendoi (Foslie) Chamberlain, domineer die ruimte ten spyte van sy posisie na-
aan die bodem van die oorgroeisel-hierargie. Dit mag miskien so wees omdat sy dun tallus vinniger laterale groei 
toon ascok minder vatbaarheid tot versteurings in vergelyking met sy dikker kompeteerders. Tallusdunheid mag 
behou word deur die periodiese dieplaagskending van 'n oppervlaklaag asook die swaar weiding van Patella 
cochlear Born. 
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'To whom correspondence should be addressed. 
Introduction given a unique South African terminology by Branch & Branch 
(1988). These zones are the Littorina-zone (supralittoral 
fringe), the upper balanoid zone (upper-eulittoral zone), the 
lower balanoid zone (mid-eulittoral zone), and the cochlear 
zone (lower-eulittoral zone). We have observed that several 
species of crustose algae are very obvious features throughout 
the eulittoral zone on all south coast shores (Chamberlain 
1993; Keats et al. 1993). 
Crustose algae constitute an ecologically important functional 
group of marine plants which occupy much of the primary 
substratum within the euphotic zone (Adey & MacIntyre 1973; 
Keats et al. 1993; Stcneck 1986). Despite their abundance and 
potential importance in marine ecosystems, relatively few 
studies have been made of their role in the community, or of 
interactions among crustose algae. Competition is one ecolo-
gical interaction into which studies on crustose algae could 
provide valuable insight, since the resource which is limiting 
(space) is simple, essentially two-dimensional, and is unlikely 
to be complicated by significant competition for other resour-
ces. Studies of competitive interactions within a functional 
group of crustose algae would also be valuable in helping to 
understand the ecology of these ubiquitous plants. 
It is thought that crustose algae compete for space mainly by 
overgrowing one-another where leading edges come into con-
tact (Steneck 1985; 1986; Steneck et al. 1991). If so, this 
greatly facilitates studies of competitive interactions, as at such 
points of contact, it is easy to see which species wins or loses 
the competition (Steneck 1986; Steneck et al. 1991). 
The south coast of South Africa is characterized by a shore 
that has been divided into four zones, to which have been 
This study addresses the question of how these crustose 
algae coexist in spite of needing the same potentially limiting 
resource, space. A number of questions concerning competition 
and coexistence among crustose algae were addressed: To what 
degree do crustose algae exploit different zones on the shore, 
and thus rarely come into actual competition? Do non-transi-
tive networks exist (sensu Buss & Jackson, 1979)? Does 
environmental heterogeneity within zones contribute to coexis-
tence by allowing different species of crusts to exploit different 
microhabitats? Does differential susceptibility to physical 
disturbance permit coexistence? If so, different species of 
crusts should have different strengths of attachment, with 
overgrowth rank being inversely correlated with attachment 
strength. Do differential rates of recovery from disturbances, 
which produce bare substratum, contribute to coexistence? 
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Materials and Methods 
This study was confined to the eulittoral zone at Holbaaipunt, near 
Cape Hangklip, in the south-western Cape Province, South Africa 
(Figure 1). To determine zonation patterns of crustose algae, 10 
transparent perspex quadrats with 81 evenly spaced holes were 
placed at random along a transect line within each zone, and per 
cent cover of each species was estimated by recording the percen-
tage of the 81 dots which fell on a given species. Since these 
crustose algae are largely confined to crevices in the upper and 
mid-eulittoral zones, transect lines were run in crevices there, and 
across the shore in the lower-eulittoral zone. 
To determine if non-transitive competitive networks exist, about 
300 contact zones were sampled wherever the transect line crossed 
an area of contact between two species along a transect. The 
overgrowth of one species was scored as a win for one species 
against the other. In addition, searches were made for overgrowth 
interactions among the less common species within each zone. 
These results were pooled to analyse the pattern of wins and 
losses in overgrowth competition. Because the above method 
might fail to detect small areas of competitive reversal, 
measurements were made of the length of margin winning, tieing 
and losing of competitive bouts along a zone of contact between 
the margins of competing thalli (Stenneck el ai. 1991). As the 
length of contact zones varies, these measurements were converted 
to percentages to create a constant scale for all measurements for 
analysis and graphical representation. 
To determine if the percentage cover of different species varies 
predictably in different microhabitats, the location within crevices 
and substratum features underneath crusts were determined. 
Crevices were sampled at I-m intervals along a transect line, and 
the percentage cover was determined along the sides, comers and 
flats of the crevice. A transparent, flexible, 50 X 20-cm quadrat 
with 50 randomly placed dots was used to estimate the cover. To 
determine the substratum underneath each of the three most 
abundant crust species, a transect line was laid out across the 
shore, and the type of substratum was determined where the line 
intersected a particular species. This was plotted graphically as the 
frequency of each substratum type for each species. 
To determine the attachment strength, separate pieces of rocky 
substratum covered by each species of crust were chipped off and 
returned to the laboratory. A paper clip was glued to the surface of 
the crust, and the force required to pull the crust from the 
substratum was recorded by pulling it with a spring balance until 
the crust was detached from the rock or the paper clip broke. All 
measurements were made using corallines growing on rock, as 
crusts growing on worm tubes were too weakly attached to return 
intact to the laboratory . 
The rate of closure of gaps in corallines will depend largely on 
marginal growth rates: differential rates of recovery from 
disturbance will thus be indicated by differential growth rates. The 
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Figure 1 Map showing the location of the study site at 
Holbaaipunt in the south-western Cape Province, South Africa. 
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Figure 2 Photograph showing Leplophylum ferox (L) over-
growing Spongiles yendoi (S), which is in tum overgrowing 
Hiidenbrandia lecannellieri (H). Also shown are the tag and 
screws used to mark plants for measuring growth. 
two most abundant crustose algal species in the mid- to lower-
eulittoral zone, Spongiles yendoi (Foslie) Chamberlain and 
Leplophylum ferox (Foslie) Chamberlain & Keats, were selected 
and marginal extension rates determined. To mark plants for 
growth measurements, holes were drilled into the substrate, away 
from the margins of the crusts. Two to three screws, one of which 
was numbered and tagged, were inserted into plastic wall anchors 
embedded in these holes (Figure 2), and the distance of the thallus 
margin from one of the tagged screws was recorded using plastic 
calipers . This measurement was repeated monthly, and growth was 
measured as the advance of a thallus margin from the original 
point. For L. ferox, growth was measured both on substrate with 
no other obvious macro-organisms, and of overgrowing of S. 
yendoi. Growth of S. yendoi was only determined on substrate 
with no obvious macro-organisms. 
Results 
Percentage cover 
The results of sampling of percentage cover in each zone of the 
shore are consistent with the predictions of the first hypothesis 
(Figure 3). Cover of Hildenbrandia lecannellieri Hariot was 
greatest in the upper eulittoral zone, although the species was 
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Figure 3 Percentage cover of encrusting algae in each of four 
shore zones at Holbaaipunt (GENI = geniculate corallines; HEYD 
= Heydrichia woelkerlingii Townsend, Chamberlain & Keats; 
MESO = Mesophyllum discrepans; HILD = Hildenbrandia 
lecannellieri; FERO = Leplophylum ferox; YEND = Spongites 
yendoO . 
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Figure 4 Per cent of pair-wise overgrowth interactions scored as 
wins (MESO = Mesophyllum discrepans; YEND = Spongites 
yendoi; RALF = Ralfsia verrucosa; SPIK = Synarthrophylon sp.; 
FERO = Leplophytum ferox; HILD = Hildenbrandia lecan-
nellieri) . 
present down to the lower eulittoral zone. Leptophytum ferox 
was most abundant in the rnid-eulittoral zone, although its 
cover was lower than 11. lecannellieri or S. yendoi. Spongites 
yendoi cover was greatest in the lower eulittoral zone. A few 
species were also present in small patches but were not suffici-
ently abundant to be recorded in percentage cover quadrats, 
these included RaiJsia verrucosa (Areschoug) J. Agardh, 
Leptophytum foveatum Chamberlain & Keats, and Synarthro-
phyton sp. (voucher specimen in herb. UWC, UWC:COR!I84). 
RaiJsia verrucosa occurred almost exclusively associated with 
the gardening limpet, Patella longicosta. All of these crustose 
algae were replaced by other crustose species, particularly 
Mesophyllum discrepans (Foslie) Lemoine and Heydrichia 
woelkerlingii Townsend, Chamberlain & Keats in the sublittor-
al fringe (Figure 3). 
Overgrowth relationships 
Competition is hierarchical, and non-transitive competitive 
networks do not exist in this guild of crustose algae (Figures 2, 
4 & 5). Competitive reversals are rare, and involve less than 
2% of the interactions for only two species pairs (Figures 4 
& 5). Ranking within the overgrowth hierarchy is strongly 
correlated with the mean thickness of the thallus at the margin 
100 80 60 40 20 0 20 40 60 80 100 
% of distance overgrowing 
Figure 5 Percentage of contact-zone length in which a particu-
lar species overgrows another (MESO = Mesophyllum discrepans; 
YEND = Spongites yendoi; RALF = RaiJsia verrucosa; SPIK 
Synarlhrophylon sp.; FERO = Leptophytum ferox; HILD = 
Hildenbrandia lecannellien). 
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Figure 6 The relationship between mean margin thickness for a 
species and its ranking in the hierarchy of overgrowth competition 
at Holbaaipunt. 
Table 1 Abundance rank (increasing from 1 
- 5) and overgrowth rank (2 overgrows 1, etc.) 
for the five most abundant species of crustose 
algae in the mid- to lower eulittoral zone at 
Holbaaipunt 
Abundance Overgrowth 
Species 
Ralfsia verrucosa 
Synarlhrophylon sp. 
Leplophylum ferox 
Spongiles yendoi 
Hildenbrandia lecannellieri 
rank rank 
2 
4 
5 
3 
5 
4 
3 
2 
(Figure 6), but abundance shows an inverse relationship with 
overgrowth ranking (Table 1, r = 0.7, p = 0.188). 
Environmental heterogeneity 
Since crusts in the upper- and mid-eulittoral zone occur mainly 
in crevices, it is possible that they occupy different areas of the 
crevice (flats, comers, walls). However, samples of the three 
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U: 4 
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S. yendol L. ferox 
Species 
H. lecannellieri 
Figure 7 Frequency of occurrence of the three most abundant 
crustose algae in the mid-eulittoral zone at three positions within 
crevices at Holbaaipunt. 
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Figure 8 Frequency of occurrence of the three most abundant 
crustose algae in the mid-eulittoral zone at Holbaaipunt according 
to substrate type. 
most abundant species indicate that they are all found mainly 
on the Oat parts of the crevices (Figure 7). 
Substrate heterogeneity could play a role in coexistence. 
Three types of substrate were identified: rock, compacted sand 
and calcareous material over rock, and polychaete tubes. H. 
lecannellieri and S. yendoi occurred mainly on rock and were 
absent from calcareous sand and worm tubes (Figure 8). With-
in crevices, Leptophytum Jerox occurred most abundantly on 
compacted calcareous sand and on worm tubes (Figure 8). 
Removal force 
There is a clear ranking of the three most abundant crust 
species in terms of removal force (Figure 9), with attachment 
strengths of II. lecannellieri > S. yendoi > L. Jerox (ANOY A, 
least significant difference, p < 0.001). This is exactly 
opposite to the ranking of these three species in terms of over-
growth (Figure 10). 
Marginal extension 
The marginal extension of S. yendoi for the five months was 
significantly greater than the marginal extension of L. Jerox 
(Figure 11). There was no significant difference in the 
marginal extension of L. Jerox growing over S. yendoi when 
compared with L. Jerox growing over substrate chosen without 
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Figure 9 Force needed to remove from the substrate the three 
most abundant crustose algae in the mid-eulittoral zone at Hol-
baaipunt. 
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Figure 10 Relationship between attachment strength and over-
growth ranking for the three most abundant crustose algae in the 
mid-eulittoral zone at Holbaaipunt. 
obvious macro-organisms (Figure 11). The growth data presen-
ted here yielded average monthly growth rates at the thallus 
margin of 0.2 mm mo.-1 for L. Jerox and 0.55 mm mo.-1 for S. 
yendoi. 
Observations on the morphology of the species involved 
Leptophytum Jerox often has a slightly raised thallus margin 
and can produce characteristic mouth-like ridges where 
margins come together. It develops into relatively thick 
encrustations, up to 8 mm thick, and is usually undercut by 
boring organisms. Spongites yendoi is usually a medium-thin 
crust at this site, with tiny excrescences and fairly thin 
margins. Its thalli are often extensively fused, and individual 
crusts are difficult or impossible to differentiate. They are 
seldom undercut by boring invertebrates. Hildenbrandia 
lecannellieri is a fleshy red crust, with a leathery consistency 
and small papillae covering its surface. It often becomes thick 
and loose pieces may break off and become lost. However, 
close examination of the rock reveals thin regenerating crust 
underneath such damaged patches, and the plant is evidently 
able to regenerate from cells remaining attached to the rock. 
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Figure 11 Marginal growth rates of Leptophytum Jerox and 
Spongites yendoi in the mid-eulittoral zone at Holbaaipunt (Note: 
'ovr' indicates L. Jerox growing over S. yendOl). 
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Discussion 
The results of this study show that, to some extent, crustose 
algae exploit different zones on the shore, thus reducing 
competition. However, coexistence is an important feature of 
the mid- and lower eulittoral zones. The fact that these crusts 
separate vertically suggests that the gradient of physical 
conditions along the shore can influence the outcome of 
competition among crustose 
are needed to determine the 
factors and competition 
distribution. 
algae. However, further studies 
relative roles of purely physical 
in determining this vertical 
There is evidently a linear hierarchy of overgrowth among 
the crustose algae studied here. Competitive networks were 
originally shown to be important among encrusting animals in 
cryptic coral reef communities (Jackson & Buss 1975; Buss & 
Jackson 1979; Jackson 1979; Buss 1980). It has since been 
shown in a number of systems that hierarchical competition is 
much more common, with competitive networks being rare, 
even in cryptic reef communities (Quinn 1982). Certainly, 
competitive heirarchies seem to be the norm for encrusting 
algae, with thicker thalli overgrowing thinner ones (Steneck 
1986; Steneck et al. 1991), although t~e position of a species 
in a competitive hierarchy may be modified by herbivory 
(Paine 1984). The reversal of the position of species within a 
competitive heirarchy by environmental factors such as distur-
bance (e.g. grazing), can also favour the coexistence of compe-
titors (Steneck et al. 1991). Such reversals were not common 
during this study and do not appear to be common among 
South African intertidal crustose algae (Keats, pers. obs., cf. 
Keats & Maneveldt in press), but more widespread studies 
around the southern African coast are needed to evaluate this 
suggestion more fully. 
There is evidence that different species of crusts exploit 
different substrates within zones and that this may contribute to 
coexistence. The main feature contributing to substrate hetero-
geneity in this study is the presence of worm tubes constructed 
of calcareous sand, and this represents a further biological 
interaction contributing to the coexistence of crustose algae. 
Within the mid-eulittoral zone, there is some evidence that 
differential susceptibility to disturbance contributes to coex-
istence, since different species have different attachment 
strengths (see below for factors influencing attachment 
strength). However, further long-term studies are needed to 
fully evaluate this suggestion. 
Of particular note here is the fact that the two most abundant 
species in the eulittoral zone, lIildenbrandia lecannellieri and 
Spongites yendoi, are at the bottom of the hierarchy in terms of 
overgrowth competition. This suggests that overgrowth is not 
the only factor influencing competitive outcomes, and that 
crustose algae may also compete in other ways. For example, 
Keats & Maneveldt (in press) showed that LeptophytumJovea-
tum was able to counteract overgrowth by a thicker competitor 
by producing thin, regenerated margins at the thallus surface. 
These very thin margins grew up over the leading margin of 
Ralfsia verrucosa and halted its overgrowth of L. Joveatum , but 
were unable to reverse it (Keats & Maneveldt, in press). 
LeptophytumJerox is the superior overgrowth competitor in 
both the mid- and lower eulittoral zones, yet it is less abundant 
on the shore than either S. yendoi or II. lecannellieri in the 
mid-eulittoral zone. There is some evidence that differential 
susceptibility to disturbance, acting via different attachment 
strengths, may playa role in this phenomenon. If so, the faster 
growth rate of S. yendoi may give it a competitive advantage 
over L. Jerox in situations where space is made available by 
disturbance. It may be generally true that thinner, faster-
growing crustose algae (Steneck 1985) are able to occupy sub-
strate faster than their thicker competitors, and may therefore 
dominate in areas where disturbance that frees space is signi-
ficant (Keats & Maneveldt, in press). 
S.-Afr.Tydskr.P1antk., 1994, 60(2) 
Leptophytum Jerox has a somewhat different growth form 
from S. yendoi. Its slightly raised margin probably accounts for 
its ranking at the top of the overgrowth hierarchy, while its 
thick, undercut thallus accounts for its weak attachment 
strength on rock (Keats et al., in press; see also Steneck et aI. 
1991). The growth of L. Jerox on a substrate mainly consisting 
of worm tubes and compacted calcareous material further con-
tributes to its weak attachment. Observations and experiments 
elsewhere suggest that the competitive advantages of a thick 
thallus may represent a trade-off against the increased probabi-
lity of wave-induced mortality as a result of under-cutting 
(Dethier et al. 1991; Paine 1984; Steneck 1986; Sebens 1986). 
Spongites yendoi has a thinner thallus, which has few boring 
organisms (Keats et al. in press) and thus a much higher 
strength of attachment. It evidently maintains a thin thallus by 
sloughing up to 50% of its upper thallus twice a year (Keats et 
al. 1993). Grazing by Patella cochlear (Branch & Griffiths 
1988) may also contribute to the thin thallus, as the surface of 
S. yendoi is often heavily grazed (Chamberlain 1993; Keats et 
al. 1993), but studies are still needed to determine the degree 
to which grazing contributes to the thin thallus. 
Hildenbrandia lecannellieri is overgrown by L. Jerox, yet it 
is also more abundant than L. Jerox in the mid-eulittoral zone. 
The weaker attachment strength of L. Jerox may play a role 
here as well. In addition, H. lecannellieri can probably 
regenerate from cells left attached to the substratum after 
disturbance, while L. Jerox probably cannot regenerate in this 
way since its patches are easily knocked loose below the level 
of living cells. 
The marginal growth rates reported here for L. Jerox and S. 
yendoi fall within the range reported for temperate corallines of 
0.19 mm mo.-1 for Lithophyllum incrustans (Edyvean & Ford 
1987) and 0.74 mm mo.-1 for Mesophyllum vancouverense 
(Steneck 1985). They are less than the marginal extension rates 
reported for tropical corallines of 0.8 mm mo.-1 for Hydroli-
thon onkodes (Foslie) Penrose (Matsuda 1989 as Porolithon) 
and 0.9 - 2.2 mm mo.-1 for several Caribbean species (Adey & 
Vassar 1975). 
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Epidermal structure, organographic distribution and ontogeny of stomata in 
vegetative and floral organs of Stenoglottis fimbriata (Orchidaceae) 
J. Samuelt and A.B. Bhat* 
t Department of Education, Umtata, Transkei, Republic of South Africa 
• Department of Botany, University of Transkei, Private Bag XI, Urntata, Transkei , Republic of South Africa 
Received 10 August 1993; revised 8 December 1993 
The epidermal structure and ontogeny of stomata in all vegetative and floral organs of Stenoglottis fimbriata were 
investigated. Epidermal cells are polygonal or isobilateral. The leaf sheath, inner whorl of the perianth, column and 
tuber are astomatic. Other organs investigated are heterostomatic and of anomocytic origin. The ontogeny of 
stomata is perigenous and attention has been paid to various aspects of development. Abnormalities such as 
degeneration of guard cells, superimposed and juxtaposed contiguous stomata, persistent stomatal cell contiguous 
with normal stoma, and stoma with persistent intervening wall, were observed. Stomatal and epidermal cell fre-
quency, and stomatal index are also tabulated. These characters are of taxonomic importance for the family 
Orchidaceae. 
Die bou van die epidermis en die ontogenie van huidmondjies is by aile vegetatiewe en blomorgane van Stano-
glottis fimbriata ondersoek. Epidermisselle is poligonaal of isobilateraal. Die blaarskede, binneste periantkrans, suit 
en knol is sonder huidmondjies. Ander organe wat ondersoek is, is heterostomaties van anomositiese oarsprong. 
Die ontgenie van huidmondjies is perigeen en daar is genoeg aandag aan die verskillende aspekte van ontwikke-
ling gegee. Abnormaliteite 5005 degenerasie van sluitselle, oarheenliggende en teenaanliggende aangrensende 
huidmondjies, blywende tussenliggende wand, is waargeneem. Die groatste huidmondjies onder blomplante is oak 
by die spesie aangeteken. Huidmondjie-indeks word getabuleer. Hierdie kenmerke is van groat taksonomiese 
belang by die familie Orchidaceae. 
Keywords: Epidermal structure, ontogeny, organographic distribution, Stenoglottis fimbriata, stomata . 
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Introduction 
Stenoglottis Jimbriata Lind!. is one of the many orchid species 
reported from the coastal zones of Transkei (Stewart et al. 
1982). Considerable work has been done on vessel structure of 
Orchidaceae by Cheadle & Kosakai (1982), but very little 
attention has been paid to the epidermal structure of orchids. 
Rutter & Willmer (1979) studied the epidermis of Paphiopedi-
lum spp. and Hew et al. (1980) have reported on the distri-
bution and frequency of stomata in flowers and leaves of a few 
tropical orchids. Williams (1979), Rasmussen (1981) and 
Singh (1981) studied the diversity of stomatal developments in 
Orchidaceae. Recently Das & Paria (1992) investigated the 
stomatal structure of some Indian orchids with reference to 
taxonomy. This investigation was undertaken to investigate the 
epidermal structure, organographic distribution, structure and 
ontogeny of stomata in Stenoglottis Jimbriata with reference to 
its taxonomic significance. 
